Iron oxide(Fe 3 O 4 ) nanoparticles of different sizes and shapes were synthesized by solve-hydrothermal reaction assisted by microwave irradiation using ferrous ammonium sulfate as a metal precursor, oleic acid as dispersing agent, ethanol as reducing agent and NaOH as precipitating agent at pH=12. The synthesized Fe 3 O 4 nano particles were characterized by X-ray diffraction (XRD), FTIR and thermal analysis TG-DTG. Sizes and shapes of Fe 3 O 4 nanoparticles were characterized by Scanning Electron Microscopy (SEM), and atomic force microscopy (AFM).
Introduction:
There has been an increasing interest recently towards the synthesis and fabrication of magnetic nanoparticles mainly magnetite (Fe 3 O 4 ). Besides the high surface to volume ratio and high surface energy, these nanomaterials have been found to have distinguished thermal, magnetic and chemical properties that made them suitable for several applications. In industry magnetic nanomaterials have been used in magnetic fluids for heat transfer [1] [2] [3] ,catalysis [4] [5] [6] [7] , corrosion inhibitors [8] , energy and magnetic storage devices [6, 9] electronic devices [5] . In environmental applications magnetite nanoparticles were used for removal of toxic heavy metal ions like Cu(II), Cr(VI), Cd(II), Pb(II), Hg(II), Tl(I), As(III), Ag(I) [5, [10] [11] [12] [13] [14] [15] and organic pollutants [16] [17] [18] [19] from waste water. In biomedical applications magnetite nanoparticles were used in magnetic resonance imaging (MRI), contrast agents, drug delivery and therapy [4, [20] [21] [22] [23] [24] [25] . The compatibility of these applications is mainly controlled by phase, size and morphology of nanomaterials. Several methods have been reported on the synthesis of different sizes and morphologies of iron oxide Fe 3 O 4 and γ-Fe 2 O 3 nanoparticles which mainly involve simple wet chemical [15, 19, [26] [27] [28] [29] [30] , hydrothermal [9, [31] [32] [33] , electrochemical [34] and microwave methods [35, 36] . Since magnetite nanoparticles are susceptible to oxidation by atmospheric oxygen, the Open Access synthesis of this oxide is best performed in presence of protecting agents like PPy [31], polyethylene glycol [35] and reducing agents like trisodium citrate and ethylene glycol [31] . The microwave method is attracting more attention compared with conventional heating methods because of rapid and controlled production of high yield advanced materials as well as it is safe and needs less energy [35] . Da-Peng Yanga, et al [35] 
Instruments:
FT-IR spectra were recorded on Shimadzu 8400 S FT-IR spectrophotometer using KBr pellet. Scanning electron microscope (SEM) analyses were acquired using type SEM TE SCAN VEGA 2 Cheech. A few drops of nanoparticle suspension were applied on a carbon coated copper grid followed by vacuum drying. Atomic force microscope images AFM were acquired using AFM model AA 3000 SPM 220V Angstrom Advanced INC. USA. Samples were prepared by applying few drops of nanoparticles dispersed in acetone by sonication for 20 min, on a glass slide followed by vacuum drying at room temperature. Thermal gravimetric analyses (TGA) were performed using Perkin Elmer TGA 4000 thermo gravimetric analyzer in a synthetic N 2 atmosphere at heating range 30°-900°C and heating rate of 20 °C/min. X-ray diffraction analyses (XRD) were recorded using SHIMADZU 6000 X-Ray Diffract meter with a high-intensity Cu K α radiation (λ=1.54180Å) and a graphite monochromatic source. .
Five main diffraction peaks were observed at 2Ɵ =30°, 35.6°, 43.3°, 54°, 57.1°, correspond respectively to the planes (220, 311, 400, 422, and 511 respectively) of Fe 3 O 4 nanostructures which came in agreement with the card (space group: JCPDS Nos. 26-1136) Xray diffract meter with a high-intensity Cu K α radiation (α=1.54056Å) and a graphite monochromatic a. The results indicated a cubic structure of Fe 3 O 4 with lattice parameters a=b=c=8. 0903A° and α = β= γ = 90° and agreed with the structure of an inverse spinel type oxide [2, 35, 37, 38] . Crystallite size measurements were determined from the full-width at half maximum (FWHM) of the strongest peaks assigned to the reflection planes (220), (311), (400) and (511) (Table (1)) using the DebyeScherer approximation [39] 
D =
Where (D) is crystallite diameter, (K) = 0.9 is the constant, wavelength of the X-rays, (β) is the peak breadth of the XRD peak, and θ is the Bragg angle (in radians or degrees). The calculated crystal average size is (25.5) nm. Figure 3 shows the FT-IR spectrum of the prepared Fe 3 O 4 coated with oleic acid (OA). The spectrum displayed an absorption band at 3006 cm -1 which was assigned to the stretch vibration of vinylic =C-H group [40, 41] . The broad peak at 3122 cm -1 can be assigned to surface and bulk OH groups in magnetite [40] . Two absorption sharp peaks were observed at 2923.8 and 2852.5 cm −1 were attributed to the CH 2 and CH 3 stretching vibrations [41] . The intense peak at 1701 cm -1 was assigned to the C = O stretching vibration of carboxylate anion [42] . The two new bands at 1639 and 1541 cm -1 were assigned to the asymmetric (COO -) and symmetric (COO -) stretching vibrations. This indicates that the carboxylate group is present as both mono and bidentate bonding group i.e. oleic acid has been both physically and coordinatively adsorbed on the surface of magnetite nanoparticles. The bands observed at 1454.2 and 900 cm -1 were attributed to the O-H in-plane and outof-plane vibrations respectively. The absorption peak observed at 584 cm −1 corresponds to the Fe-O stretching vibration related to the magnetite phase [40] , 
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Conclusion:
Iron oxide (Fe 3 O 4 ) nano particles of different sizes and shapes were synthesized by solve-hydrothermal reaction assisted by microwave irradiation using ferrous ammonium sulfate as a metal precursor, oleic acid as dispersing agent, ethanol as reducing agent and NaOH as precipitating agent at pH=12. XRD analysis supported the inverse spinel structure. The FTIR and thermogravimetric analyses supported the conjugation of Fe 3 O 4 with oleic acid through the carboxyl group which behaved as mono and bidentate ligand
